
DA17583 THE TRACKING OF REFERENTS IN DISCOURSE: AUTOHATED 1/1
VERSUS ATTENDED PROCESSES(U) OREGON UNIV EUGENE DEPT OF
PSYCHOLOGY T GIVON ET AL. 0 MAY 85 TR-85-4-ONR

UNCLASSIFIED Ne8614-83-K-069i F/G 5/1@8 H

ENNENhmhh



A i - .. -I- - - . -

I12.

4

It'IlII,.o~

ILL8

111111.25 1111114 I --.6

MICROCOPY RESOLUTION TEST CHART
NATIONAL RIIRFAII nF qTANnAR[)l-]963-A

... . ... ..... ......-.. . .. . ...

........... "- *-''. " i ...- * -,a '; . '-, .. " . ',,: ', """": -. ,.



Ln
NCognitive Science Program

II

THE TRACKING OF REFERENTS

IN DISCOURSE:

AUTOMATED VS. ATTENDED PROCESSES

by

T. Givon, W. Kellogg, MI. Posner

and P. Yee

Technical Report R54 0

University of Oregon D I
JUL 1 7 O

Research Sponsored by: G7MS '',0

SPersonnel and Training Research Programs
Psychological Services Division
Office of Naval Research
Uinder Contract No. NOOOI 4-83-K-0601
ONR No. 85-4

Reproduction in whole or in part is permitted
for any purpose of the United States Government

Approved for public release: distribution unlimited

8I 6 S



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

L'

b.

............... . .



SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
REPORT__ DOCUMENTATIONPAGE BEFORE COMPLETING FORM

I. REPORT NUMBER 12. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

* ONR No. 85-4 VA -i1 _ _ _ _ _ _ _ _

4. TITLE (and S.bttle) 5. rYPE OF REPORT & PERIOD COVERED

The Tracking of Referents in Discourse: Final Report
Automated vs. Attended Processes S. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(#) S. CONTRACT OR GRANT NUMUI-RE()

T. Giv6n, W. Kellogg, M. Posner, P. Yee N00014-83-K-0601

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUME(RS

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

May 15, 1985
13. NUMBER OF PAGES

42
14. MONITORING AGENCY NAME & ADDRESS(If differmnt from Controlling Office) IS. SECURITY CLASS. (of this report)

Unclassified
IS.. DECLASSIFICATION/DOWNGRADING

SCHEDULE

IS. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Black 20, Ii ditoront troi Report)

If. SUPPLEMENTARY NOTES

It. KEY WORDS (Continue an reverse aide If necessary and Identify by block number)

psycholinguistics, discourse processing, referential coherence, anaphor
resolution, syntax of reference, cognitive processes in coreference,
attentional vs. automatic processing , -

20. ABSTRACT (Continue on reverse side it necessary and Identify by block number)

The cognitive processes involved in achieving the overall coherence of
discourse are central to an understanding of the use of natural language in
communication. The present series of studies examines the mental effort
involved in achieving coreference. We explore a major factor that affects
the accessibility of referents: the length of absence of the referent from

rthe distribution of different types of grammatical referential devices in

discourse have shown a correlation between the type of device (e.g. full nounl.

DD I jAN"" 1473 EDITION OF I NOV 65 IS OBSOLETE
S/N 0102 LF O14 6601 l1nrlarSif1Pd

SECURITY CLASSIFICATION OF THIS PAGE (When Deat Inefred)

F ,

. . . . . . . . . .. . . . . . . . .... .... . .... ...."-.'. .'".., .,"' . . . ... " ..- '1"---'. .> -. ]. -. -- .} "? '-';...''''.. ' ,',':.f,,._',' : ';" " ' " ' > * "



Accession For

NTIS GRA&I THE TRACKING OF REFERENTS IN DISCOURSE:
DTIC TAB AUTOMATED VS. ATTENDED PROCESSES
Unannounced Q
Justification

By - -- - T. Giv6n, Linguistics Department

Distribution/ W. Kellogg, Psychology Department

Availability Codes M. Posner, Psychology Department
P. Yee, Psychology Department

Avail and/or and Cognitive Science Program

Dist Special University of Oregon, Eugene

Introduction

Referential coherence

e .7i cr.ur. B t ori. 'f t re . ar, A,: t -'- C ::r , r , -

referential coherence . nif'2' - L r,
•, e -, , rerer ts

-.~er er t ,a,] :o r-erIe in , o1at; or., tte e~fect o* ftr,- :.:,rp rerts. .;'

-o er-eer c:e e c proce s e :- ,et 'see e .g. nrders. .
--, -. -" .... = . *.. , . -q -' -: : . '. I;. . - --.- ',r S ., "-I'

Grammatical devices used in anaphoric reference -,7-'

:. & -ece t ser-e .=- -urt ed teit stu- c. i ne: ; r 
-

r :u .= ,Dert . -t- , re. :'?-.1 ; :3,._., ,' :: ., P F -.re , 19-B:5 -c.r -.

=,inter alia ... : :novkr tra tre rr.. ,at cc :e,= sno-_ ,:z '
-e.- e- en , :at or, s -s-cur e car zc s, e: z, co-.rg tc

*r;e predictability, accessibility or continuity c:t-
"- ;.? ,' -", e c,:-,es -;' , t- - e e - , : .:. iF, . , ,. ": ' -s=u . c; +e e z .•

-our" :& .JOF t,:.cr .. :,'w t;,>:c; - .:. -" crc d~re ,ot . . -: c a e . -

-e-'eren~e

-- 4-- -- -- -- - - - ;- ,



Factors affecting referential predictability:
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nouns when thematic continuity i . -r. -;e may thus wish to
conclude, tentatively, that anaphoric pronouns are more efficient
referential devices in discourse contexts of high informational
predictability, while definite nouns are more efficient devices in
discourse contexts of low informational predictability.

-',

1.3. Grammar as an automated language-processing device

Grammatical devices -- such as rigid word order or morphology --
may be vie.ued as routinized, or automated, strategies that speed up
the processing of linguistically coded information. There exists,
fact, a pre-grammatical mode of language processing, used in early
childhood or early second-language acquisition (Pidginization). This
ess routinized processing mode can be compared with the fully

grammaticized native/adult language along the following
soc~o-functionai dimensions ,see Giv6n, 1979, ch. 5, GivOn, 11982):

IL PRE-GRAMMsTICIZED MODE GRPIAT I C I ZED MG DE
(unrout in i zed) krout in i zed)

a. Slower processing speed Faster processing speed
b. Higher uncertainty/ambiguity Lower uncertainty/ambiguity

of the communicative context of the communicative context
c. A society of intimates A society of strangers
C. Greater shared Dackground Smaller shared background
e. Low socio-informational HiQh socio-informational -

compl e.v i ty complexity
', Greater reliance on context Lesser reliance on context

In assigning coreference in discourse processing, one would
obviously expect factors such as. those listed in (1) above to exert
tneir influence somewhat independently of grammar. Nonetreleis, ii
our hv"pothesis about grammar as an automated/routinized processinQ
mode is correct, one ought to be able to measure the effect of grammar
itself during referential processing, when the factors liste ,n .
are held constant. The series of experiments reported here purport to
measure such effects. In the experimental ps:,cnolog/ literature, the
difference between attended and unattended ,'automated', 'routinized)
processing has been studied at many levels o+ cognition, neurologN, and
motor-control (e.g. Keele, I968; Posner & Marin, 1985: Posner &
warren, 1972; Schneider & Sh f4r. in, 1'77; Shapiro & 0Ecnrid:, i582;
Whitaker, i983). Our study thus purports to assess the independent
effect of grammar on the processing of coreference.

2. Methodological considerations

.;. The measurement of mental processes

in attempting to understand howo reterent 1 :,1 re s
ach, eved, it s i mportart to de - e 14a/E +or mea:.r -,; r-,e ,ouer
mental processes that take place cur ing the i,trocuct or. .nc.

-.

oo , - - o - % - . - . % . % . ..- -o.• .' :.•.t ... • .- o --.. -. °° .-- • ..-
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re-introduction of referents in actual text processing. There are
also important theoretical reasons in both psychology and lincuistics
for developing such measurements. Two basic methods have been used in
the past to study covert attentional processes:

,a.) Measuring the time required to perform a certain task;
(D) Measuring the capacity required to perform various tasks.

in oroer to assay the time spent on the processing of text, one may
measure tne rate of reading, the duration of fixation on a single
Aord. or the time required for the keypress release of successive
..ords. The last method has a certain advantage in yielding a
word-by-word measurement in reading. It may perhaps also have certain
oisaovantages, in that it is not the natural mode of reading.
Exi sting evidence suggests that at least under instructions to retain
text information verbatim this measure is sensitive to different
mental processes (Aaronson & Ferres, 1983; Just and Carpenter, 1980).
lcwever , under conditions calling for comprehension of gist, the
ke: press method 'tay be less sensitive (Aaronson & Ferres, 1983).

Another type of method assays. covert mental processes by
rsert~ng a secondary task in which the subject must respond to a

reativeiy rare probe event by pressing a special key. While this
method has been useo in many studies (see Kerr, 1973, for a review),
its use nas been confined in the past to assessing the overall
riculty of text passages, but not the mental effort required for
..i rccessn_ of indiidual lexical items. In this work, we have

::mcined both methods in order to obtain a more detailed picture of
tri mer tal processes involved in tne establishment of coreference
ouring the reading of text.

Flnal., it is also possible to measure the efficiency of
a us grammatical devices used in referential processing by
iterrupting the reading task and requiring the sub.ect to make a
decision that reflects the achievement of coreference. In one of the
resent experiments, we asked subjects to make such a decision
;mmediately after the occurrence of anaphoric grammatical devices of
;4ferent kinds. Such a measure can te used as an independent

contro', in add:tion to its intrinsic value.
:n the experiments reported below, we measured the key press time

for the release of words in continuous reading of text passages. The
rey press times for the release of referential words -- pronouns or
detinite nouns -- were measured in the presence of a visual probe;
detect;ng this visual probe thus constituted a secondary,
ttentrion-demanding task, involving a separate key press trom which

:robe reaction time could be assessed independently.

2.2. Text frames

The discourse frames used involved highly conventional episodes
:r scr pts, all ;n'oilving fami iar cultural1 x-stereot/ped scenes, such

at the bank", "at the store", "the piano lesson", "after the
tr eater", "at a restaurant", etc.. In all episodes, two participants
;Qere iruo ,ea, one male, the other female. Sex-roles were
:onuent:ona y szeaectved, arc the gender ientit, 04 :cth
:art c:art; -as eindic;tly inacateo. This was done so that when the

. - " - - - " . " ' - - . -. ' . . - " " : " . " -

S- .. , . . . . . . . . . .. S, - m.... * • .. S,.. - .• .. .•.... - -... , .',
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pr.nouns 'he or she- w.,ere used, no amtic uitv of re4 rerce would
ar.-e. The role o4 toth participants in the "scene" was hghIy
ster eotpea, given general cultural conventions associated .ith each
scene/episode. This was done to insure that the thematic frame itself
;.culd exert as little influence as possible towar d r eferential 
cientif;cat~on of either of the two participants. Characteristic

sam,-ple texts are given below for each experiment.

3. Experimental method and results

-.i. Experiment I

Method

-... Materials and design

i i"s e .peri men t there were ten snor. t storyx t h emes that
inroduced twvo characters ,(alwa/s one male and one 4 emale) an ten
that introduced a single character. Six different versions o+ these
stories were created by crossing two factors: referential distance (0
:,r 5 clauses between subsequent references to a character) and
arapnor'c deice (the type of anaphor used: an identical noun, a
,roroun or an epithet). A11 of the single character stories and the
t.,,o epithet versions of the dual character stories served as filler 
mater al to increase the variety of materials presented to sujects
anu to reduce expectancy effects. All of the e.apertmental paragraphs
;Jere two-c,rac ter sto r-es and i rtr oduced the char ac ter.s ..,th i r the

r.LI two sentences of the story. The nexAt five clauses continued to
d~scuss only one of the two character-s introduced. In one t/pe of
e.-permrental paragraph, the l.st sentence used either a pronoun or a
noun tnat i.was identical to the one used in the f;rs.t sentence to refer
to the ma:n character -- the one on--. ed in the interuenino clauses.
Thu- created a story with a one-clause referential distance between
the >ast mention of the referent and the subsequent use of the
a naphcr . 1n the other ty*pe of e::'per. mental par-agraph, t, e z.napnor r,
the 'ast sentence referred to the secondary char ac ter of he -tcr,-- 
the one not mentioned in the i nterver i F; cI auses. Tlh-s v.a r i at on
crte.ted a st or- y kkith a fie-clause referential d stance. .-

3tner ters! one-= of t.ie two-charac ter stor i es served as f i l ler
mater ia. and differed orW. n the type of anaphor used i n the last
sentence . n thr e e per imental par agr aphs, the anapnor. s ,: h t r-eer 
.o+ e;e of the two cnara:ters., but nsteac cf usin 3r ;dent ic
noun or a pronoun to refer tc the characters these f;ller paragraphs
useci cther nouns such as 'mar> or :oman. These were ca'led
e :net in t h,s study. 411 cf - the -.ingle c,.r cter strcre ,were 
:ler paragraphs, and their form fol o eci a pattern tim.:'ar to t.e
S: < r men tal par.agraphs., The fir st senten, ce i ntrocluced on;,, one
character .and the subsequent sentences d.scussed mAterial unrejated ,."
to the char ac tar tr.,zduced. The laBst s er, tence ther r eferred tacK t :
the :aracter using either a prcn-,un, an i-enti cal noun cr r e tet.
. LsDies : .re st imu i .r e presentec in ,4 ze,&ow.

• g,
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'4' Sample text passage for Experiment 1:

a. Two character frame

THE STAR rushed to the newsstand to get first crack at the review
of the show. HER MANAGER rushed right behind her. He reached the
newsstand 4£rst, grabbed a paper, tore it open, scanned it and
stopped abruptly.

I-CLAUSE ErLDINGS:

j. Ident;cal Noun: The *msr;ager..
) Pronoun: *He...

fiii) Epithet (filler): The *man...
..,said in a loud voice: "I told you so, didn't I?"

5-CLAUSE ENDINGS:

0 Identica' Noun: The *star...
ii) Pronoun: *She...
(ia) Epithet ( iller : The *woman...

.sad in a loud voice: "I told you so, didn't I?"

Single character frame

THE FARNER drove an A Id Ford pickup to haul his hay. It was a
class,: tlodel-T with bent fencers and a rusted top, but the
encine was in top shape and purring smoothly even under a heavy

ca of fift, bales. Near the barn gate...

Er DIPiGS:

S Ioentical Noun: ... the *farrier...
,,j) Pronoun: ... *he...
,. li) Epitnet ... lert he *man,..

...stopped the truck and stepped down.

Tne J iferent -ers ons of the twenty paragrpns were distributed
among three stimulus lists such that across subjects all of the
,aragrachs appeared equally often with identical noun, pronoun and
epithet anaphors. Each list contained two of the six versions ot each

t ,RMe, one at each referential distance, such that an equal
number of one- and five-ciause-distance paragraphs occurred in each
, Ist. Subjects were tested wi tn only one list, so within a testing
session subjects saw two versions of all paragraphs. I,ithin each of
the paragraphs were preselected probe locations. Probes always
occurred simultaneously with the anaphoric devices. Half of the
paragraphs had additional, pseudorandomly chosen probe sites, wnicn
were neuer within ten words of the eiperinentally probed locations.
C:on:r-' probes appeared in the same locations for subjects tested ,th
the same list. Seven practice paragraphs were constructed similar to
the par aqraphs in the experiment to familiarize subjects with the
task. True/false comprehension questions for each story in the
practice trials and in the experimental tr,a] s were prepared in a
small test;ng booklet.



i sum, the design of this experiment was a 2 ,:. fact.ria , wi th
re ereritial distan ce ' 0 or 5 clauses) and type of anaphor .:entcai .a
noun .is. pronoun., as repeated measures.

2. Subjects

Twelve individuals recruited from the subject pool of the
Cognitive Lab at the Psycholog; Department, University of Oregon,
serveo as subjects for this experiment. All were native speaKers of -

Eng ish, had normal or. corrected-to-normal ;si on , and had no apparent
..ed~ng disabilities. Subject- were paid $4.00 for participatr,_; ;n
the one hour e.xperiment

3.1.1.3. Procedure

Subject- completed the practice trials to familarize themselves
with the eper.imentalI procedure. Each subject was tested noiuidual,> -

one -. the -.t;mulus lists.. At the start of each,  tr ia a READ
message appearen in the lower left corner ofl the computer m, onitor. io
.eg:n a tr! a , -ubject- pressed the space bar on the computer
ie-c~aro. This started presentation of a paragraph. Paragraphs
appeared one word at a time beginning in the upper left corner of the
screen. The words were presented as though a window opene, anc closed.
acrc ss tre page to reveal successive words and cover previous ones.
Subjects controlled the presentation rate by pressing the space bar
',r eac word. This method is similar to the -equential conit c, n
:J_=ea r:.. Ker, nec., and Murray ( 1?34).

:jectsi were instructed to read the paragraphs at their nor'rial
Feat F,; rate arid to understand the stor es because tne r comprer, er s on
.C, u i be tested after. each trial. Subjects were al so informeo cf the+
possble occurrence of probes Ka flashingi square of light) that ,.oua
pear- at the top center o4 the screen . Whenever a probe occurrec,

s_ L-:,Jectc ere to press a key as quick!,. as possible with their right
nar, c Ainle continuing to press for words 1-- twth tnie i r ef t . Thus, 1qh i I e
= iubects pressed the space bar w ith ther 'eft hand to reac the

e , the:, rested t ieir right han o r, a selpar .te e, to press
t..-her.'e .er a probe occurred. As me ticne d prev;ousi .', crcE probe.

.-. ,ere precetermined for all stcr i es When subjects responded
to a probe, it disappeared from the screen. When subjects reached the
end of . paragraph the computer instructed them to answer a
comp-ehen=on question that corresponded to the stor," just p esented.
S c t,.s-cts !.were giuen as much time as the,. w.anted to answer the
cz. e rehens on quesEtions. When they had finished markino their answer,
.re.. Dressed the PETURN ' key on the computer keyboaro and rece ,e.

the .ED'( message for the next trial.
St rulus presertat ion and data cc, lect ion .ere controlled 1. an

c Pusa computer syx.stem . Ail text ,wa s presented in uppercase
cetter. Paragraphs were presented in a dfFerent random order for,

h.. ... C-t . Peaction times to probes nd reading times +or each
i ,,er-keypress inter,/als) were ecorded.

':.

.-4
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3.:.2. Results

.:.2.:. Comprehension test

The subjects>" mean percent correct cr, tre comprenerisior, test was.
84.. it thus appears that the subjects were read:ng and understanding
the stories as instructed.

...2. Probe reaction time

The mean-. of the subjects' median reaction times to the v,..is.jal
e_= t_ .i:c zt or, were calculated and are given in Table 1,

,ecw, and r epresented gr aphically in Figure I, below. Reaction timres
are e :pressec in milliseconds.

TMEBLE I: ,ed ian Proce React i on Tim e ; n msec.) tor
Prorouns and Hnraphor ic Defin ite Nouns at
1 and 5 Clause Referential Distance

REFERENTIAL DISTANCE

1-clause 5-clause

PRONOUN 584 644

rVEF-OL" = 5q7

'O -NTRO,L PROBE : 620 .)

r . se resu ;t-, react c.n t irres ';RTs for. probed pronouns are I,-,nger
trar, for the probed DEF-nouns. In terms of sensitivity to chanes in
r eer, ent;al distance, the probe RT for pronouns seems to, increase ,.i th
the .ncrease in referential distance from 1 to 5 clauses, wirile the RT

r LEi-nojuns seems to decrease ;..Ii th the increase n r eferen t i al
z t. nce. ;tatistical .nalysis, however, indicated that none of the
etfects .reterentat distance, type of anaphor or thei r inter-action.

B S ni, fcant (FI,II.! = .8?, 2.85 and 1 .9 for the three
ef4ects, respect ively.).

.. - -



FiGURE I: Medi an Prote Reacti or Time for Rror,-u n :
4na rphcr c )e ;ni te Nouns at 1 .nd 5 C:lauie
Referential 5istance

.oe

:;I S

rr e 0tn ir E f r p o o ,, r

l-ecs e ,t aI - I I s s f .r|.jc

l~~~~~~1 ...cl Kyrestime fIr trbdwrs

n c . c,:i t- k , n =- i tte .- e:. r es t e d --, f r nonoun
E  n d r, E - ,:; Q peak

c t.e -e gr rr : me i, fr t , e tlk ree I r.e nt 3 ,e .'.e F~s she Q,' r c, nt,.: -

.:r~~~ ~~ m; , :-e r le er : s& on Y the pr,t. d , . on. u r tel. fo L t :.., : ;o :

-E.e m , :-: Ft - un9 c -_= e e _ the ;f r nce s rn a t im ,r r ce,

r-eIc : : -" r- o c , e '. n oun C n + I I p 7hs-, h nd pr.,, ic i r, , t . -E , E , r, t -, +

. a-. p or - ran .)ord po - it ;on ,n - , nr-I , n , rn+. r, + . w..as .-- -;i _rt

'_: ., '_.' = -: .:,-' ' p 0 .0 ), -tatis_.t cal arn, v~:, S , re ,,e ,.
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T"-LE V1 I: Med ian Probe Reacti on T me for Hn aphor c -

ano Themrat c-DEF Nouns'. at Di 4 ere;t 
Peferent jai Distanct

REFERENTIHL DI.T.t'-
CONDI T i Or,;-LUSE 10-OL-USE 20-CLISE"

anapnorrc-DEF 710 674 697
tret LEE 734 698 736
onto probe 713 67 683

t t a I analysis reveals as;iriicantr main effect of typc o+
-. e . r, ci ',Ce , . th anapho'r-c o:n-ou an controls sh1A ;fl
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Subjects were randomly assigned to ore of three groups, .with each
group tested on onV one of the lists. Half of the subjects in a
group were tested with one block first, the other half with the other
block first. Hence, the oesign of this experiment was a 2x3
tactor al, with referential device (anaphoric-DEF, thematic-DEF.) and
referential distance (1,10,20 clauses.) as repeated measures.

4s before, probes were presented with the nouns of the cri tical
noun phrases. Control probes were presented at pseudorandom locations
w:tn:n some of the passages. The number of control probes uariec from
0 ;n the shortest passages to 3 in th, longest. Trueyfalse questions
were prep ared and admnisnstered to the subjects to test their
comprereris.on of the stores.

:.,.1.2. Subjects

Thi ty-six subjects were recruited from the sane pool as
esczrted atn.e, subject to the same condit ons outl ned above.

Procedure

i-,e -fre proceoure was used here as in Experiment : , except that
the su .;ec.t. pressed the "?" key on the computer e.'board to respond
,: pr : . Stimulus presentation and data collection were controlled

t a7 ov e 'e computer svstern.

-_:.'. . Results

. .Comprehension test

e ,su .. e . near percent correct on tre ccmprehersio te-t .as
;a, n ce or,ntr atr, that they ,o, 1 ',...ec nstru-t, ors and'

'. lersi:,d the stor es.

.-I.2.2. Probe reaction time

N-: n prone react icr t imes for tfle e per imental c:zd, t s as

e vs Or control items are g9:.en n Table -Ill, nelo.v. Tne
e- r r, ent corditior sn ow a we.'. U-saped pattern, 'x: R &P In

te -S for the IG-ciause distance, Th E iis essent;all: the conr tri,

D r,-e pa_ttern, to wh'ch the anaphoric-CEF noun pattern conf orrrs rather

The pattern is similar though a Mit more pronounces for the
:r.e~a , :- E- ,F n .



3.4. Experiment 4

.,4.1. Method

3.4.1.l. Materials and design

This experiment compared the behavior of definite riour -- either.
anaphoric or thematic -- at three referential distances: I clause, !0::ause= and 20 clauses. As in Experiment 2, the test passaes

introduceo one character at the beginning. Interuenina material of
vary:ng iength tnen dealt wiith the settinrg and rel ted matters, but
avoicaed mentioning the character. Finally, the enar.g eitner
mentioned tre character again ,"anaphoric-DEF noun), or, alternativelv
,ntroduced a second character that was highly stereotyped given the -

particular scene, and thus thematicaly predictable (thematic-DEF
noun.. A sample story frame can be seen in (7) below.

.'Sample test passage for Experiment 4

1-CLAUSE DISTANCE OPENING:
Tne w,,loman 1 waited patiently near the counter. The shop was. almost
empty and noody seemed to notice her...

10-C. USE DIST4NCE ADDITION: It was a large store witn mar,.
departments spread along the cavernous floor space of three main
ie'e ,. The time was early in the afternoon on a Monday in late
spring, and nobody seemed to be moving around. On wteei.ends the store
a S a! 'a/,'s p ackec w.1iith hoards of bargaai n shopper r mill ing in the
aisises, nolding sale couoons in hand, and craning their neck- in
-asarcn o that special deal that was somehol.,j aiwa, to counter. aw a : , .
or a: it seemed...

20-CL USE DI:=TANCE ADDITION:
The store .as part of a chain that sprang up, seem ngly Instant r,
a 7n*=m t eer:, shopping center of sufficient size ir, the burseol nig
:uturbs of bt tovns. it s-ecial;zed ,n hinh-oolume, necoum-priCed
,me--. P nIse. The same nat:ona I corpr..y, v.ia-s sleemed tc. suomit the
-ucce-sful Did. 14th standardized merchandiSe . rd s'nc1,rcr;ze. -.
it was a shopper s paradise wherever it w,-as 1ocate ....

AI'NPHORIC-[EFINITE ENDING:
The *4oman took out her compact and touched up her hair.

THEAIT IC-DEFINITE ENDING:
The *salesman finally came over and asked her what she was ,
lookin_, for.

There were twelte test stories, each with stx" versionE. Sutj e-t s
read twjo versions of each story frame, and ;n addition s:x
ratur.l stc filler passages taker from a current noke . There erAe"
three stimulus liss consisting of an equal number o4 :araorams nr
eac' -:1,dI tc, The i sts ,ere d;ided ,nto two blocks, a cn - :. :
cort a rn; or.o , one ,ers on of a test stcry. Acr c)s sub e t_-, 1 .
stor i .es appeared an equal number of t irmes across In ea:h CcrdI tL :r..

• '41
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if one accepts the explanation of the inordinatelx; high probe R.T
tor the 1-:lause distance, then the results of the probe RT measure
niere replicate and extend the trend observed in Experiment I (see
Figure i),

3.3.2.3. Keypress times for probed words

The kevp-ess times for this experiment are given in Table VI and
represented graphically in Figure , below.

TABLE VI: Mean Keypress Times for Pronouns

at Different Referent:ai Distances

REFERENTIAL WORD POSITION

D1 STA4CE n-2 n-i n n+1 n+2

1-cl 316 335 499 524 40
5-cl 305 350 558 470 373
10-cl 304 339 547 456 .341
-l 348 425 650 491 366

20-c 320 407 643 443 3,

control probe 328 .323 :2 519 528 357

The pat ter, of peak keypress times• tounc for pronouns in this
e -e- ;me- t ;. s;,mi i ar to tre one found for pronoun- in E(per iment 1.

t s, e longest press z;me is for the pr, ec t..or 'n.:. lso as
i -:: r inen t I , the longest press t ime f or control items is for the

)foi lo,,ing the probed one ,n+1 More important>, a cle.;.r effect
.f referentlal distance on processing time is dscernible: increase;
in referential distance produce increases in the peak kexpress tinre
4 r the e ite. At the short 1-clause dist..nce the increase in

., et at ,r, isot as *reat as for the 5 and 10-cause
t.ce., nri tsrrn is + Bot S 'weat as tre 7cr.ese for tre ; C:

r- 20-c ause d;stances. These groupings conform rather cicseiv to -
re ,rcne re-.c tion tmes recor ted above ,,: th the except ion of t.,e
d istance, discussed there).
The stat st cal analysis srows that th;e ma;n effects are both

s:on; cant: for referential (l;stance F 5, 0 ,  7.4;. p . Q
and for word position '.F (10,20) = 49.1?' ; ) '.01.. The
nteract on be.tween referer, tia distance and word posit ion is also

snif1cant (F (50,100 = 3,0; p 0 .001

. ..................................
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TABLE V: Median Probe Reaction Time for
Pronouns at Diferent Referential

Distances

COND I T I ON RT

1-clause 683

5-clause 626
10-clause 617
15-clause 684
20-clause 691

Control probes 654

The prooe reaction times are presented graphically in Figure I',,

FIGURE IV: Median Prooe Reaction Time f:,r
Pronouns at Different Referential
Distances

.00

clausos ~ I qs

REFFIEITIAL DI77A:iCE

,'. . .,. .* ,. .
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for each paragraph in a stimulus file, was prepared and administered
to trie subjects in order to make sure that they read and understood
tne stories.

3.3.1.2. Subjects

Thirty-six individuals who had not participated in any previous
experiment were recruited from the same subject pool as above, with
the same conditions applying (see above).

3.3.3. Procedure

The same procedure was followed as in the previous experiment,
except that the subjects did not use the space bar of the computer to
oness for the presentation of words. Instead they used a key located
tc. the ieft of the computer. As before, they" used a separate key with
the:r r.cnit hand to respond to the probes.

3. 2.2. Results

.,2.1. Comprehension test

The subje:ts'. mean oercent correct on the comprehension test was

3.3.2.2. Probe reaction time

Tre means of the subjects' median probe reaction times ,.,ere
ca cuiated ana are given in Table V, bet,-,.. A "U-shaped pattern is
t,.kent, ,ith sl VIE - at the stortest distance ,,1 clause), ,aster F.;T- RB'

.t t..e medium distances (5 and 10 clauses), anc slower ti es aga,n at
ll.r nc, distances -'15 and 20 clauses). This main effect of

rei erentia- distance was statistically significant ,F.i5,165) =
4 .1- 2 p '2

If pronouns are ore et ie, t gram,-at cal devices to- s- r,, nr,
:oreference over sn;ort cdistances, then one might have .. tec the

- ause ci stance to produce a short ratter trian a long crow e - .-
T - 4 o .'Ou haue resulted in a monoton:c ,ncrease ,n RT 1,i th ;ncreas;. '
referential dis-tance, rather than the L-shaped patzern ,h;:n .,e

observed. The unexpectedly high FT at the shortest referential
dis tance ma Oe a result of the probe's poi tion ear i" vn tre itor

T - ell a r, at,on is supporte ., an analy..,s;s of the FTs +or contro"
proOes presented earl;, in the middle or. late in the :as-aces . This._.
anal -sis revealed longer RTs for protes presented earl yr the stor-
frames ,m;,,62sec), and shorter rTs for probes pre-ented in the m-tdcie
,,*s rsec., or late ,606 msec.) parts of rames

-",

-,

i"

34
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.6) Sample test passage for Experiment 3

FRAME OPENING:
The restaurant was just about full when THE MAN arrived. Everybody
was dashing about madly, too busy to notice him.

FRAME ENDING:
*He waited patiently for his turn.

i-CLAUSE REFERENTI "L DISTANCE:
STe:..t as above (opening + ending)]

LONGER REFERENTIAL DISTANCES:
itext inserted, cumulatively, before ending]

* 5-CLAUSE:
It ,as late on a Friday night, a time favored by the after-snow cr.vd.
m,; the tables were packed 1.'jith hungry patrons. The waiting line
threaded around ive a ciled snake, and the noise from the kitchen
was deafening...

3-C LAUSE:
Tne temperature in the main dining room must have reached ninety. it
was late in the summer, and the air conditioning seemed to have given
cut. he faces in the waiting line were glistening w.itn sweat, and
many of the ladies had pulled their skirts up...

The I igh.s were dimmed discreetly, coming from oehind thick matted
giass panels near the ceii ng. The decor was basic continental with
theatrical posters, live flowers and checkered table clothes...I
20-CLAUSE:
F ole kept coming in and joining the line, some in pairs, others in
la rge groups, and a few alone. The lobby was gettinQ more ano more
crowde d. The line twisted back over itself and eventually spilled out
:rto the street...

The five different versions of the stories were divided into
three st rnulus l:sts. Each list contained two versions of each story
.nd an equal number of paragraphs of each length. Each subject saw

*,cr1> one list, so that w.k:thin and across subjects each referential
d;stance was tested an equal number of times. Thus, this experiment
had one repeated-measure variable (referential distance of 1,5,10,15
or caus e. .

,re ex'per irrental probes w.jere presented with the anaphor i c
pronouns at the end of each test frame. Control prooces were randomly
d:striouted throughout the stor.,., but neuer appeared w i tr in 10lC wors
c.4 the probed pronoun. The numoer of control probes var.iec; trcm one
.r, t.e snorter iersioris of the frames to three in the 1 onger .ere i lc
1ontrc, rrbes appeared3 at the same locations for all subjects testec

"wi t.tn the same Ist.
. sheet consisting of 20 true.,/false comprehension questions, one
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were introduced as indefinite or 'themat;c) definite. Noretheless,
they were treated differentially in a way that seems to te governed
solely by their grammatical form: when such a participant was
coded .ith the indefinite article "a", the longest keypress time
occurred on the noun itself [nf, just as it did for pronouns
-,Experiment 1). On the other hand, when the same character was
introduced with the definite article "the", the longest keypress time
occurred on the word following the probed item, [n+l], as it does
:n the case of anaphoric definites, which are also marked by "the".

mavin identified in the first two experiments what seems t: te a
grammar-triggered effect on the press times, at least in the presence
ot probes, we return in the next two experiments to the effect of
referential distance on the processing of pronouns and
anaproric-definite nouns.

3 Experiment 3

.,. Method

*.3.1.1. Materials and design

The story frames in this experiment involved a single character
and anaphoric reference employing only pronouns. Ten different
s-ereotyped story frames were used, each witn five variants that
d;ffered from each other primarily in the referential distance between
the last prior mention of the participant and ttie subsequent reference
to t b~o a pronoun. The filler clauses between the prior mention and
the subsequent wronomirna! reference introduced only general
cescriptions of the scene and surrounding circumstances. These
oescriptions were all highly stereotyped and deliberately sted away"-
±r om the main character itself or his./her point of vie,. Te
referential distances tested were 1,5.10,15 and 20 clauses. The last -

sentence in the text always began with the coreferent pronoun, itself
tne locus of the probe, as in previous experiment;. A sample text
frame for this experiment is given in 6) below.

.................-...........................-......................-....... ...............
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FIGURE ill: Mean Keypress Times for Indefini te:
Anaphoric-DEF and Thematic-DEF Nouns

--- INDEF

45o- anaphoric-DEF
r.-A thematic-DEF

/\

_~/

.! \

r 30~350

250

U n- n-i n n+1 n+2

WOR.D :41EASU.D (TAR'IE:- FROBE = n)

- Statistical analysis of these results with both referential
- device (INDEF, anaphoric-DEF, thematic-DEF) and word position

(n-:,... ,n,...,n+5) as repeated measures revealed a main effect of
wora position (F(I0,230) = 22.28, p/.O01) due to the general

.;-~increase in keypress times around probed items. In addition, however,
there was a significant interaction between referential device and
word position ,F,'30,690) = 1.79, p<.O00), indicating that the

* position of the peak keypress time varied depending on the type of
referential device.

The results clearly rule out the possibility that the ditference
between DEF-nouns and pronouns reported in Experiment I is due to the
c.fference in phonological/graphemic length between nouns and
orFncuns. What is more, the thematica Iv stereotped second

. t p~ants in the stories w, er~e equivalent in terms of their
" -red: talt from the thematic structure of the frame, as i.,)eli as
. terms o+ teir "new information" status, regardless o hether tn ev

S.. .... . .- .-....... -C. ..... - ,. .. •°..-.,..... -

... . . , . . , . . , , . . . , . .. .... • ° - C , - C .C * .
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3.2.1.3. Procedure

The same procedure was used in this experiment as in Experiment

3.2.2.1. Comprehension test

The -ubjects mean percent correct on the cormprehens ion test,, was

..... . .....Probe reaction time

The means of the subjects' median reaction times to the visual
probes in each condition are given in Table II, below. The RTs are
ras test for tre anaphor ic DEF-nouns and slovwest for the INDEF-nouns,
but ncne of the differences are statistically signiticanf.

TABLE NV: Median Probe Reaction Time for
Indefinite, Anaphoric-DEF, and
Thematic-DEF Nouns

CATEGORY RT

INDEF 624
Anaphoric-DEF 505
Thematic-DEF 613 .-
Control probe 622

Keypress times for probed words

The mean ke/press times ":r: msecs across subject = tor anaphoric 1

DEF-nouns, themat:c DEF-nouns and INDEF-nouns, as well as for tne two
words directly preceding and following them in the text, are given in
Table 1., below, and represented graphically in Figure Ii, below.

TABLE IV: Mean Keypress Times for Indefinite,
Anaphor ic-DEF and Thematic-DEF Nouns

CATEGORY n-2 n-i n n+1 r.+2

INDEF 267 271 43- 383 275

HNAPHORI C-DEF 264 288 $'t4 362 .2'.

THEMATIC-DEF 268 277 404 423 2':O0

.-

-':°-"

rq%
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r2
was described entering into a scene in the first sentence. The next
1-3 sentences described the character's progress through the scene in
a rather stereotyped fashion. The final sentence then began with one
ot the following three referential devices:

(a) Anaphoric-DEF noun: The (identical) noun which introduced
the single character at the beginning of the frame;

Sb.) Thematic-DEF noun: A second character, highly predictable
from the thematics of the frame, introduced as a DEF-noun 'thus
hav ng t .he same grammatical form as (a);

c) Indefinite noun: The same second character as in (b), but
here introduced as an indefinite noun.

] Each of the twelve experimental story frames used in this experiment
appeared equall,' often across subjects in all three conditions. A
sample frame is given in (5) below.

rSample text passage for Experiment 2:

"The restaurant was just about full when THE MAN arrived.
Everybody was dashing about too busy to notice him...

(a)? fnaphoric- DEF ending: .. The *man waited patiently in
the corner".5 b) Thematic-DEF ending: ... The *waitress came over finally

and gave him the menu"
Ic) INDEF ending: ...A *waitress came over finally and gave

him the menu".

In addition to the twelve experimental text frames, ten filIer texts
I of equal length (but different in structure) were also given to the

suDj ec ts.
The different versions of each story were divided ;nto two lists

so that tvo ,.er ons of each story were on a lI st. Each list was
sp t ;-,to tw.. o blocks so that one version of each story was n each
block. Five stories in each block were filler paragraphs. Subjects
were randomiy assigned to one of two groups, each group being tested

*- with onl/ one list. Half of the subjects in each group were tested
with one block of the list first and the other half were tested with
the other block first.

Experimental probes z-- ,resented with the nouns of the
* referential noun phrases in the last sentence of each paragraph. Half

of the paragraphs had an additional control probe presented at a
pseudorandomly chosen location early in the paragraph. Booklets with
a true/false comprehension question corresponding to each paragraph in
a list 1.iere prepared.

Subjects

TIwenty-four subjects were recruited from the same subject pool

used in Experiment I, w.,ith the same provisos as to their nat,.e
a. nguage, vision, reading status and pay. None of the sub. jects had

participated in E-'periment 1.

F
I.I



TABLE II: Mean keypress Times for PRO and DEE-Nouns
at I and 5 Clause Referential Distance

Word Posit;on
Condition n-2 n-I n n+1 n+2

PRO 1-cl 288 295 437 '320 261

PRO 5-cl 288 298,,77 345 303 .

DEF 1-cl 284 313 344 361 259

DEF 5-cl 293 318 30? 383 259

C:ntrol probe 307 306 354 375 284

Probe reaction times for control :tems and the ke.,press t ,-nes
around these items were also analyzed. The mean of subjects" median -
probe reaction times was 620 msecs GTable I), longer than the RTs
observed in any condition except pronouns at the 5-clause referential
distance. The difference was reliable for DEF-nouns (F(1,11) =
21.34, p<.O01), but not for pronouns (FI). The control probe RT
was sign;ficantl. longer than the RT for probed anaphoric devices at
the 1-clause referential distance ( 1,11) = !1.65, p,.006), but
not at the 5-clause referential distance (FEIn The relativeli
cng probe FTs for cor, tr o! i tems may reflect tneir earlier posit Ions
in the Passages compared to anaphoric probed items. Since the
controls constitute a diverse set of lexical items, we are hesitant to
interpret absolute differences between these items and the anaphoric -
items under study. The pattern of response times to control
items, however, has proved useful in discerning general effects in
both the probe RTs and keypress times.

The longest keypress time for the control probes was on tre word
fol iovino the proo.ed item In+l]. This is the pattern that was tounc
for DEF-nouns. However, when the keypress times for tne probec iter
and the word preceding and follow ng it is compared across pronouns,
IEF-nouns and the control items, no significant differences are found.

it might be argued that the significant one-.,ord shift in the
location of the peak keypress time for probed DEF-nouns (as compared -"
witn probed pronouns) may s;mply be due to the fact that nouns are
phonologically (here graphemicaily) longer than pronouns, and thus
taKe longer to encode before the processing of coreference occurs.
The next experiment was designed to investigate such a possibility. -

3.2. Experiment 2 :

3.2.1. Method

3.2.1.1. Materials and design

The story frames for this ex:er iment were rather short and
n':Ilvec no mannipuiat icn of referent ial di stance. A single character ,
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FIGURE 11: Mean Key'press Times for Pronouns and
Anaphoric Definite Nouns at I and 5

Clause Referential Distance
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anaphoric-DEFs contrasts with the keypress times for control items at
In+13, which show the same U-shaped pattern we observed in the probe
RTs.

For thematic-DEF nouns the pattern in this experiment is less
-. consistent. For the 10-clause distance, the peak keypress time

appears on [n+l3 as in Experiment 2, but at the I and 20 clause
distances, the peak M.iypress time occurs on Cn•l

Overall, the keypress times collapsed across word position and
type of referential device were FASTEST at the 10-clause referential
distance, SLOWEST at the I-clause distance, and intermediate at the
20-clause distance (thus exhibiting the U-shaped curve snown in the
control-probe results). Collapsed across referential distance and
w .ord position, keypress times were SLOWER for thematic-DEF than for
anaphoric-DEF nouns.

FIGLIRE: VI Mean Keypress Times for Anaphoric
DEF-Nouns at the En+l2 W/jora Posit ion at 1,
10 and 20-Clause Referential D,stances

r

500

i
• 50.

E-

o -clause 10-clauses 20-clauses

REFERENTIAL DISTANCE

A 2 Ktpe of referential device) ox 3 (referential ,:istance. t
- ,wrd positcr) repeated measures analysis o+ variance of tre mear
-e:press times for the probed words and the 5 words directy ' preceoing

--: ,owing them revealed a significant main effect o4 referential
distance ,F',20) = 3.26, P<.05), with mean RTs c. 411. 37a ar, ":r Urr sec. re spec t i ve 1y, for the I, 19 and 20 ciaua,.e dstances. Ma n

effects of referertial device C 35 = 7.5, p .. I. refIectir,:
the onger PT- for tlherriatic-DEFs than for anap.hor -)EFs., and c.. wor
position -,i0,350) = 16.54. p.u.0l), reflectinr the generall y
increa-ed RTE around probed items, were also found. There ,-as a

. . .. . . . . . •"- ". - '-.'.- ." -- - - '." "' - . .." - - .". - '. ."-< ".- "-"-- -'.-" -,--, - ,-. ., -.,. ..- ,-, , - .. ,., .••"- ".. "--.1 . . , t l'-z - '' . i i f " '' ""--" ""'- _,," ' " "- " -", ' " "; - ;
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marginally significant interaction of referential device and
referential distance <F(2,70) = 2.65, p<,.0 ), suggesting that

thematic-DEFs were sloer than anaphoric-DEFs only at the 1-clause
cistance (70, 9 and 2 msecs. difference at each distance,
respectively). Significant interactions between referential distance
and word position ,P(20,700)= 2,05, p<.O05), as well as between
referential device and word position ,F(I0,350) = 2.20, p<.02)
were found. The interaction between referential device and word
position reflects the peak keypress time for anaphoric-DEFs at [n+13 t
.and the tendency of the peak kevpress time for themtic-DEFs in this
e:xperiment to be at rn]. However, this interaction was qualified by
the three-way interaction between referential device, referential
distance and word position (F(20,700) = 1.92, p\.01), reflecting
the fact that the peak keypress time at the 1"-clause distance was at
[n+l] for both anaphoric- and thematic-DEFs.

Experiment 5

*.. Method

2.5.. Materials and design

In this experiment we compared two referential devices .anaphoric
DEF-nouns and pronouns) at two referential distances (1 ano .
clauses).. Ten different story frames were used, each introducing two
characters ,one rmale and one female) early in the discourse. As i n

1 ::er men t 1 , the ne.,t segmen t of the story cont nued to deal :x tr, tne
secord char acter on I. The + i nal sentence then referred to either of

e .r tc, either cY pronoun or anaphor c-DEF no uno u n sample te:t
Scs--a.ce can be seen n be ,o,. .

C-,

U

-U
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:3) Sample test passage for Experiment 5

The woman entered the waiting room trailed by her five-year-old boy.
He immeciately proceeded to jump on the couch and bounce on it

-- energetically. it felt nice and soft. He bounced n:gher and higher,
looking about hrim in glee. It was going to be quite an adventure, he
could tell, with all these new things around him; such excitement with
objects to take apart. What sheer fun' He turned his attention to
the window, surveying through its wide pane the parking lot three

S- tloors below. Now here was a real challenge. A ledge he could climb
onto. H4: a.Zventure wait ,; tor him right there...

"-AUSE DISTfNCE END.NGS:

RCI.,: *He clambered onto the windowsll and fiddled w.0it 1h
the latch.

.,EF-NCLN: The *box clambered onto the wi ndows; l an f ddled
o th the latch.

A- ,S: DISTANCE ENDINGS:

PRONOUN: *She stepped over, leaned forward and said something
:n a hushed voice.

EF-NOUN: The *woman stepped over, leaned forward and said
someth;ng in a hushed voice.

p
In tn _ e:.per ;ment we control led for the amount of nforrmat ion

...resen"e-: r, a trial before an item was probed, t'hus the passages were
.K o.f .eual Ienotn. There were four versions of each stor., diiv,de

sto itmulus lists. Each list contained an eaual number of
.s-ages in each condition. Each -ubject was given or one of the

Ists. Thus, stories appeared an equal number of times in each
* - condit;on across subjects. As in the previous experiments, true/fai se

comprehens~on questions were prepared for each story.
The test probe- were presented either with the pronoun or

-. ..ananoric-DEF noun in the last sentence of each passage. Two to tnree
-ontr.l prooes were also inser tea in each ,assa ge, with the
restri ,tion that the/ not appear any closer than ,approx.., 20 words
from the probed anaphoric item.

3 5.2. Subjects

Ei Elnteen subj ects were recruited from the same pool as described
above, subject to the same conditions outlined above.

.1.,, Procedure

The procedure used in this experiment was the same as in
Exreriment 4, above.

-: ] - - - - -:.':----:....
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- 3.5.2. Results

-'5.2.1. Comprehension test

The subjects" mean percent correct on the comprehension test was
90%.

3.5.2.2. Probe reaction time

The med:an probe reaction time for pronouns and DEF-nouns at the
* 1-clsuse ard 12-clause referential distances are given in Table IX,

TABLE IX: Median Probe Reaction Time for Pronouns And
Anaphoric DEF-nouns at I and 12 Clause
Referent ial Distance

R EFERENIAL Dl .thNCE
CONDTI-L. E 12- CLAU:&z

Pronoun 619

DEF-noun 6.45 607

t ue sesu t are expressed ;r-aph ica, iI be'c
*EF-,''urcs, probe RT is faster at the 12-clause d:stance .as, at the

zuse distance. For pronouns, probe RT is slower at tne I2-clause
_ - tran the l-clause distance. These results replicate those

cz, ir;ed for I and 5 clause distances in Ex.periment I -,see F!ure I;.
.S- s anal.ys is of the probe RT results, hojever, indicates that

e tr, te differences reached siGnificance '"'s < 1 for the
effects of refer-entia' distance and referential ce,.,ice, and for the:r
rt ,cor, :, T, = 2. p' ,-" .14)

~12

S..%

o. . , .. .-. -. % , • . . . - . . , *. *p ,



FIGURE Vii: Median Probe Reaction Time ior F'ronourns
and Anaphor ic-DEF Nvris sat I arc 12 C ause
Referential Distance

E

c 650

pron, -z

DEF-nouns
- oo

1-cl 12-cl

REFERENTIAL DITA:ICFI

._C.2.. , Keypress times for probed words

S-ere sul ts o+ the Ke..pre-s t;rres t:.r te ,ar ,-us c z:rc:i t ons are
;,,en ',n Tati be-, elow. w i4s before, prmnbec pronouns sno . t e
-e.,re_- .-r e .r. t' pro.e te tern i tself 1 n , and the ,roe e.ec: cn

rmac rQ t imes is as before, much more pronounce- than '
.. c -' , S r tr,- r ,r is e:per inert , h o.eer , ,e re+e-e- z 7 '

, tar, ce e* c+ +r pronouns ;. a=. nc.t obtained; that ,. the pe,v
z.-ep - ts me a t L' r,J ..4a a otct !,_ir, er at the 12-clause d -i s *a rcE t-,ar, at

For DEF-rouns, the results are scme,,,hat mnIed. i.,Je ha,e
duplicated here the results o+ the relevant previous experiments

. concerr:ng tr e locat on of the peak kepres =s time for the 1-caus.e
distance, but not for the 12-clause distance, where the press time

- .eak,, appearS instead on the probed item. Wlso duplicated are the
sma'ler ke.'press ,.alues for DEF-nouns than for pronouns. Finally, when

• the ke/press times ot both In] and Cri+i2 are combined, the total
.-roc z time at the 12-c lause referential ai stance i-s shorter than

.tr i-c ause distar ce.
e re_-u t f th e.per r men t may also be expressed bv ccit, 1r,,n_

the prote PT and ve pe- 'me measures at ri, and Lr,+1 , for prcn-uns
an¢ DEF- r.:,u c ;t e.,cr, referential d:istance. Th is comt irine'e e'r.re s:c-n
s p ottec graph'c3 1/v F i gure ,Ii beo. ',

V.
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TABLE I",: Mean Keypress Times for Pronouns and Anaphoric-DEF
,Nouns at I and 12 Clause Referential Distance

WORD POSITION

CONDITION n-2 n-I n n+l n+2

PRONOUN:
1-clause 309 403 560 421 2"
12-clause 316 307 565 380 338

DEF-NOUN:
-ause 321 350 442 471 344

i2-clause 337 323'8 44o 372 372

4
-a

zt-

be

S

U:;

S... .... ... ,... .. . . . . . .

'.t%~-.% ~ '. % ~ .-..*x . ***.* . . . . . . .
'-S - .a°o-
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FIGURE VIII: Probe RT + Keypress Time Combined for

Positions In] and En+I] for Pronouns and

DEF-Nouns at I and 12 Clause Distance

16oo" pronoun

15501

1500-

°C--

DEF-rnoun

i .o0 I I'

l-ci 12-ci

REFEPENTIAL DISTV!CE

Statistical analysis of the results reveals a significant main

effect of word position ,FJ10,30) = 5.74, p<.001). The

;,ter-ctoon betwveen referential device and word position is marg:r.ai'

significant ,.FO,0 = 1.80, p08), reflecting the tendency for

pronouns and anaphoric-DEF nouns to have peak keypress times at

different locations (InJ vs. [n+i , respectively.). The interaction

bet!.veen referential distance ,1 vs. 12 clause) anc; word p sitor, is

,, .r ,:ant ,F 10i,20) = 2.70, p<.O ).

, . Experiment 6

This exper iment ,a: 4.esined. cr to-,, purpcdes. , r.t, to test

&n 'ndependent method ,.,hetter subjects in fact re-:ntantiate tre
-r, u- , . r - i

rerent drier t-e encounter a pronoun or. ,EF-ncun a- s re eren- .,

device ,see Corbett , uhan_;, 1 '633. Pn3 seconct, to compare



- 31 -

more method the efficacy of pronouns vs. DEF-rou, s as -oreterer.la
cev ces at different referential dist..nr.ces.

3.., Method

3.6.:... Materials and design

There were IS basic story frames it, this experiment, all
;ruc.iving a single character. Mfter introducing the character in the

.- :.-, :e clauses followed describing the scene nut ieau rc
the character out. The next sentence then reinstatea the charecte-
.th ether a pronoun, or the identical E:EF-noun used to introduce it.
The proes in this experiment always occurred at the location o; tese
reinstating devices, either in lieu cf the device it=.e;f or
!mmec-iately after it. In half of the stories, the introduction of: the
sIncIe character was preceded by five clauses of descriptive materia:
in order to vary' the structure of the passages.

Rather than the ftasning I ight probe used in previcu-
e:perrments, in this experiment the probe was a word, appearig at the
top :ernter cf the screen. Upon presentation of a probe, subjects were
tc- to Iec de as quickly as possible whether the word had appeared in
tne stor- and to indicate their decision on a two-key response board.
Correct ,'- probe words were the nouns used to introduce
characters in it: al;.., Incorrect . no ) probe words were nouns used to
;ntroduce a character in other stories in the stimulus list. The tWo
pr -be types appeared with equal frequency in a Iist.

The probe words were presented under three experimental
C F-ri- t r --""'

a: Ime ai atelX after- cor efer ence Krein=.tatement ) bv a zropnc un
b. Imm ed atel:/ after coreference ,reinstatement.) by a DEF-nous:
c) in place of the ,vor that c,,ioul i nave reirstated the

character (no reinstatement).

s s-amp e test passage can be seen :n '9) be o.

Sample test passage for Experiment 6:

7 PLUtI.EER brought most of his small tools into the house before
beginning to install the new set of pipes. The shop had received a
call concerning the problem earl,, that morning. The garbage disposal
,,.;as be ng replaced when the wrench slipped, causing the pipe to crackl
open ano spew out bits of stale .ater and corroded metal. The house
was at Jeast seventy years old with historic, as well as sentimental,
value .... .

C''. 1I N '- G: "

a ronoun: He*.

I. .EF-noun: The plumber*..,
,c ;ontra :

L -, -R

a. tes probe: P' ',,IE

w !1

:. -.. " ,.. 1 ..:1 :-. -.: 1..... -: : ::.. -1.- .-1 :.. , -::: ..-.': :. .-1 :. .. .-..: .: , 1 ::.: 1.,.1:: :. .. -.: :'-. .:-.: .-. -: ..-.: : :1 :-..



Three st~miius lists were prepared, consistino of twic versions ot
oa: -tcr , tame ,'a Yes and a no' probe word trial). A Iis was

rprse.n td to a subject in two blocks. Each subject saw only one list.
:I,eCt- 'ere assigned to three groups, each group tested with a
.,tte-er,. l:st. Half of the subjects within a grouo were tested with
Zr,e -,OCK first, the other half saw the other block first. Across
5_:9 ::ta, eacr, test passage appeared an equal number of times in each
..-.n. ,nn. A true/false comprehension test for each story was
aiCmfi .s -tered, as in the preced:ng experiments.

: . .:.. Subjects

>-.,rt, subjects were recruited from the same pool as descrioed
.tc-e, subject to the same conditions as outlined above.

. * Procedure

-.,e :,resentaticri of test passages follocw.jed the same procedure as
r E r-er ment 3, abote, except that once the probe word had been

--e.er, te d and the r esponse obtained, the tri ial was ciscontinued.
'--jects were tol to press the key on the RIGHT of the response

.. c f{ the probe word had appeared in the passage , es" trial), and
Ke on the LEFT if the probe word had not appeared in the passage

-,c tral. After the probe reponse had oeen made, the screen went
oarik and tne subject answered a true/false comprehension question
zc.,t z.e passage they had just read. Probe RTs and reading times

.. ere measured ar recorded by an Apple lIe computer, as above.

"- ,,.. Results

Comprehension test

The subjects mean percent correct on the comprehenson test was

.,,.2.. Probe reaction time

Subjects- median response times K in rsecs) to the 'yes ard 'to
probe .ords in the three conditions (pronoun reinstatement, DEF-noun
re!nstatement and control (no reinstatement)) are given ir Tatlie x,
below. The 'yes' probe results are plotted in Figure I;X, be ow.

" - " "-" " "- ," "-' " " " " " " " " .''.'', .- '".-'. ."-.-."."- '.' " . '':,'? ' '"W ,? -.?. .' . :-"--.-



TABLE XI: Median Probe Reaction Time for
Character Reinstatement witri

Pronoun or DEF-nour and for
Control ,to Reinstzt.ement) Condition

CONDITI ON"

PROBE RESPONSE PRONOYIN DEF-N CN NO REINSTATEMENT

• e. ,r.¢V.e22;_r .nc 2393

no :rcbe 2992 2 3C, I

contro, ,;ro reinstatemert".) cor;ctIr dispia:.s the si, owest RTs
:-F _ :":ze q.4ords. Re i rtaterr:ent ii. tr, .an dent cal -EF-roun

in- ,aster prooe ,,er f;cation times tran re;nstatemert win a
U :ur . S tat .t c s anal ,.si n s of tre yes respons.e on ly revea s a

:.gnificant main effect of reinstatement condition "F,2,4.. =
.:, p .04). More spec ,ficall., the di ffererce between the DEF-noun

-e tienent and the no reinstatement condition is siqnif;,cant
- .- 3' . . p.02. Hovw,)ever, the results, for the pronoun

r e.nstatem e t coCnd it;on are equ i ocal: the difference betwseen the
,r_-r.un re:r. statement and no 7einstatement condition is not -

nr t . F.I but ne ther :.s the .: - .- -- E.set.ee n the
--.- . "- DEF¢ = -rr.- r reinstatemen t ,n KF';1.231 = 2.5.:,

D: n .i n. rT, r

Jo

• %'

.-°
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A File sources of definite nouns in discourse:,

S I- ;, o.n -- -.- the sun ,a-- n n n
. e en e.' , .kc eze C e L., r, 'V Se
-- --"-F-.-" -e~ r -;," , Cu tire.

,. --,. c *urnec the TV CLr ar C there a- the President...
_ ee rc kr, C.,ieCe t c ture.

, -,--'% Q+ of thie culture.

.,._.. :; _--4 : .- a :i: t the seat _ ..- _

- :r- - father nc-e-t r
:nr, .c ,-cu: tDr.: krc'.ece

.F-. B : ,1 .- ,7ZC CT tne cu''.-E

ti this chair .. rd -!ut .  , i nrce that table'
Z , : .i- c - -.c,., eqe t re .me:. ate. e_ecr at :_uc.

L -_.,ec tc seeaver and ,hearer in situ.

e ,en t -te tank, ar the cashier c c r- ceck

r,e. .--r c- tur . kr.ovedge or nrrr,at .e c . ts.." c ene
: themeat z i te " r, I

FED B.: rr emter :-Mte cuI ture., u:t- U tr-e.

e ar ar a c ,c,rr._kr . The woman ,- .,
. . U-- araphor c de r, .'. t

,ere ; eaker .nc hearer,
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4.2, ein referential distance effect

-e t.eCond major 7esult we ,, wve octa ned, aga> w.-Vt- some Cecree
Z a r.:ra ci.i i L, but nor etneless cors dera.+ .e repi ;cat, t'e
iiferest effect of referential distance o:n e proces- ng time 4or

".onro;ns ana definite nouns. Srefily, the effcac u defi te nouns
for. indicatr, co-reference s LOW at the minimal referent al distance
of c :-zse, but ICRE-PSE3 toiward 5-10 or 15-20 clauses. EXac y tIe
op P o ts s t- true f or pr onouns. The distribut or dat.i in %Tle XII

m ;t.ye pro., ce a. natural exl anat Ior for th is ; -:zfererce. Pronouns f rc
* .rc:rr an- eoAents r the immediately preceding scour-.e

e ; r e , -- 2, !..., t h:ir the r ,ecen r, -2 c'auses. s r ammat ca
E: a the se.rch for ;::refer.ence , e r ef. cac., .us :47, est ,

, and decreases with the increase in referer, a . distance,
r nrs.t, ory ,77 o definite nouns 4ind their anteca.o:nts.
r! .hat short nge. Ar:tner. .B finc their. r teeer ts te.

7,.e 3-3 Ldu- and a full 4- . . . frid c c -. . . .ern i tr -
S.de r.etng 20 C auseS. "s gr.amrmaticai clues, DE-nouns are tt5n_ -

-,-r e - en tne -ciuse , ,im i a.e, an: re e. .:a:
,crease at _n-erc -Iges.

" , , trier nt r.erertai dIstance y tac -- and th-.r71 nr-..e. -- does rot suffice as a predi +or ," -,r-:es_ n tme.
the di fuult y of ach;e u; coi r- eerence i- -r .'c-d bk

.z, Automated vs. attended processes in the tracking of referents

"S -n ceste n o r r ,-;cuct ; o r ect on I C £ e
-.-ed a a rout iized proce:_- . - .

.er r, a iz ec r7,orpiho-s:ntacti: c es tr._e, a'tcat p<.. ::-r
* - -.-- *-- ,0-

-. : 7 - - rea ts can be r terpretec a a r, r a- i or, r e .ee
- - - - - -- .- a _-... n, ter,+d anid ......- K,'t -,.at te,.ceo, :ormocnren, ,n .

:k~~~ ste, th r!ra R rratSc
I .rces-r. of4 refer e rts i ::rse s. t e -- ra

c,- a re.erent as e tie!. : rour;, DEF-rcun or .
- - s-fe utomat.C r e S:S , o tte , :" -. -- ,e
----. ,,rrtd atesdc, , , . , cor, te~t-z.arr ..; croce-s._-e.- mus=t c+ . -.. :
-------- --------e -.-------------- *.-- ,* r.+-{ :+-eeet_,' .
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